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ABSTRACT

The potential of nitroguanidine (LAIR Code Number
TP036A) to induce Sister Chromatid Exchanges (SCEs) was
assessed using Chinese Hamster Ovary (CHO) cells both with
and without exogenous metabolic activation provided by rat
liver S-9. Cells were exposed to test compound
concentrations ranging from 4 mg/ml to 0.01 mg/ml in cultures
without exogenous metabolic activation and 3.9 mg/ml to 0.01
mg/ml in cultures with exogenous metabolic activation.
Nitroquanidine did not induce a statistically significant
increase in SCEs in either the presence or absence of
exogenous metabolic activation. These results indicate that
nitroguanidine was not an inducer of SCEs under the
conditions of this study.

Key Words: DNA Damage, Genetic Toxicology, Sister
Chromatid Exchange, Nitroguanidine
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Sister Chromatid Fxchange Assay of Nitroguanidine in
Chinese Hamster Ovary Cells--Harbell et 31.

INTRODUCTION

- roguanidne,-a primary component of US Army triple-
base r rpeilant cow Srocuced in a Govcr:rnent-owned
ccntractor-operateu ammunziion pian. The US Army Biomedical
Researcn and Development Laboratory 'R:A}, as part of its
mission to evaluatethe environmental and heai:h hazards of
military-uniqu- propellants genrated by US Army munitions
manufacTuring facilities, nducted a ioview o- the
nitracuanidine da abQs, nd identified siunificant oaps in
zhe tox:icity data -he DivisiQn .ol___oi a IR, was
tasked r-o-evelopia genetic and mammalian toxicity
profile for nitroguanidine, related interimedaates/by-products
of its manufacture, and its environmental deqradation
p~r_~-.~. 'This study evaluated the clerio o>:iacc: .'rt], of
nitroguanidine by using the Sist-er Chrqrdtid '-:chacge (SCE)
As-:i%

.. 1 xchanges between sister chromatids are detected by
growi_ cells in the presence of bromodeoxyuridine (BrdU),
Pecause DNA-repr-ication is semiconservativo, cfells grown-with
BrdU would contain chromosomes with substituted chromatids
s:-_ :.ne ro,nd of replication. The presence of BrdU allows
for d rferential staining of chromatids with the
fluorescence-plus-Giemsa (FPG) tech .ique. If DNA damage
occurred, then the damage corrected by post-reolicative DNA
repair processes would involve recombinational events
(exchanges) between sister chromatids. The recombinational
events are detected as a varied pattern of dark and light
stainirg in the chromat id segment-s. The f reu('!,encies oC these
SCEs aie analyzed since a direcl. correlation between the
number of SCEs and the amount of DNA damage is assumed.

Many compounds can be converted into mutagenic agents by
enzymes associated with normal metabolism. To detect these
promutagens, the SCE assay is performed both wzth and without
metabolic activation.
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Nitroguanidine was dissolved direct ly in the cell
culture medium (GEM 1717), withour fetal bovine se urn (FBS),
at a concentration of 4.4 mg/ml and was ilter-sterilized.
This concentration is clcse to saturation for ni'troguanidine
in an aqueous medium (1). All test article dosing solutions
were prepared from this stock solution. For the nonactivated%
cultures, FBS was added to the culture meiu. to achieve a
final concentration of 10%. Dilutions were prepared using
GEM 1717 4ith 10% FBS. For cultures with metabolic
ao....vation, two batches of cofactor mixture (see below) were
pre aed. One coor.. ined nitroganidine while the otner did
not , 2nd nit r uani dine dilu._ ii cns were nreparo:iby mixina the
twos OQ< Aliions.

The p.:oi!ive for cultures without metabolic
actuovati-on vas eth s fonate I dilit in
sterile distill-, water and added to the culture to achieve a
final concentration of 0.320 ml/.mi. The positive control for
activated cultures was cycioposnhamide which was also
dissolved in sterile distilled water and added to the culture
to achieve a final concentration of 1.33 pg/mi.

Cells

Chinse Ham,-,ter Ovary (CHO0 Cells were obtained from
Dr. Sheldon Wolff, University o California, San Francisco.
Tht CHO cells were qrown in an atmospher.e ot 5% C02 at 37±1C
in GEM 1717 with 10% FBS. The cell cyclc time ,jas 10-12
hours Twenty-four hours before treatment, 6 x 105 cells were
seeded into each 75 cm 3 flask, which contained 15 ml of fresh
medium, to ensure that the cells were in the logarithmic phase
of growth when the test corrpou:,. was added. Cells were tested
and shown to be negative for mycoplasma (3).

yedium

EEPES buffered (10 mM3) .- .'!7, which was used
throuqhout, was prepared frcm 64PME 160 (Gibc r ® Laboratories,
Grand Island, NY) according to OP-STX-l2 (2). Except when C
the medium was used to prepare the act ivatio; cofactor
mixture (see below), it contained 10% (v/v) Bb-S when in
contact with the cells.
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mr-Tr c;c activation system was composed of Aroclor-
9)00 x a supernatant fraction (S-9) (Litton

s MD) and in NADPH-rgenetatinq sysec-m
h" -olaictor mixtiure. The cofactor mixture
NA'P (2 mo/mi) and a reduced carbon sourc,

1 ', 4.- ' s/inl). The cofactors were dis:c .

'7! , w ut serum, and filter-sterilized. This
w, -.r fsuop]emented to make the complete metabol ic

" , item which contaired 2% FBS and 10% S-9. The

i-.-i ,in system waQ prepared immediat<.ly befoL-e

-'" - O -¢ _

" o.i re used was a modification of the procedures
b.; Ferry and Evans (4) and Stetka and Wolff (5)
. -Gu . a. - ] t as the positive and neqative
w. ...,lu:e, both with and without metabolic

-.t.nrd e posiie periods (2). Ln testf:
- Tr t. :)] . t . ation, the test compound ,*as

.. rh J.]7i with i@', FBS (15 ml per f!3sk)
L. wI R - d. After aniition of the fresh medium,

', LrdK,, rhe 1eK s were .rown in th - d irk a
, "•'ours. Frasks were wrapoed in foil to assure

S . 7-en coichicine was 'ded to each flask

.e cultures weto incubated for an additional
. -re the cells were harvested.

Tn tests performed with metabolic activation, the
r:-- ' .'riJ_u: ,ris removed, and 15 ml of activation mixture,

test artic"., or positive control, was
cultiures were exposed to the test compound
- t:-:ture for 2 hours. This shorter excosur-"

- the activation mixture was used to
. . -n' t cyt.c--. c effects induced by the

"' Aft er tne 2--hour exposure period, the

. : . .test compound and the metabolic
:: a,;pi. ated, the cells were washed three
.a;d fresh, complete GEM 171'7 containing

t rIUl was..; added. The cultures wore "ncuot ed

in 1. hours. Colchicine was then added at a

.. )f 0.-1 kiq/m, as described above an'i the

'pL

I
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cultures were incubated for _:i ,itional 7. hours b~fore
the cells were harvested.

Harvest:

After 2.5 hr in colchicice, all of the cells in each
culture were harvested. At harvest, the medium, which
contained dividing cells, was removed from the culture flasks

and saved. Each flask was rinsed once with 10 ml of Ca t+
Mg+ - Free Hank's Balanced Salt Solution O1B52), and this wash
was combined with the culture medium in a 50-ml tube. Ten ml
of Cat+ Mg + + Free HBSS (with 0.02% EDTA) were added to the
rinsed flasks, which were then shaken for approximately 30
min, until almost all the remaining cells were detached.
While the flasks were shaking, the contents of each 50-ml
tube were spun down (1000 r 'm for 5 mmn), and all but 3 ml of
the supernatant above each cell pellet was discarded. Each
cell pellet was resuspended ir. is 3 ml of supernatant, and
these cell suspensions iere transferre tc preiabelied 15-ml
centrfuge tubes. Each tube was labelled with the protocol
number, date of the experiment, and the cu Loure (dose)
number. The cell suspension from each flask was added to the
appropriate tube (thus combining all the ce] s from a given
flask), and the cells were centrifuged (1000 rpm for 5 min).
Most of the supernatant was aspirated, and each cell pellet
was gently resuspended in th e remaininq supernatant
(approximately 0.2 t - 0.3 ml,, tube). Ten m! of hypotonic KCI
(0.075 M) were added slowly (eve: about 2 min) to each tube,
and the tubes were held at room temperature for approximately
2 min. The tubes were again centrifu.ged (1000 rpm for 5
min), the supernatant aspirated, and the cell pellet gently
resuspended in the approximately 0.3 ml of remaining
supernatant. Freshly prepared Carnoy's fixative
(methanol:acetic acid 3:1) wa- th-n added slowly to each
tube. The first 2 ml of fic:ative were added while gently
mixing the resuspended cells. After a total of 8 ml had been
added, the cells were allowed to fix for at least 10 min.
The cells were again cent:ifuged into a pellet and the
fixation procedure was repeated. The cells were allowed to
fix overnight. In the morning, the cells were centrifuged
and the fixation procedure was; repeated. Pefore preparing
the slides, the cells were centrifuged, all but about 0.5 ml
(depending on the cell pellet size) ot supernatant was
removed, and the pellet was resuspended. Prelabelled clean
slides were wetted in cold distilled water. Up to 4 drops of
cell suspension were dropped onto each slide.
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Stati stical Ariys s:

Stati st ical evaLuat: ion of Ih!t :;(F dat a w .1; a two-;'. r!

process involving the use of a one-way ailysis o: varianl,_
to compare variance within treatments (du, to .<coring
differences and sample difference) with variance among
treatments (the effect of test compound) followed by a
Stucaent-Newman-Keuls test to indicate which groups
(treatments) were different. Thius, the ANOVA was used to
indica-e a difference among grou-ps aoid the Student-Newman-

Keuls test was used to indicate which specific dose or group
of doses was different from each other or controls. The
positive and negative controls were compared by using the t-
test. The p _ 0.05 confidence limit, was used for the t-test,
ANOVA, and Student-Newman-Keuls test.

Data Evaluation

Cilteria for a Valid Test:

A valid SCE assay is one in which (]) tesrtinci was
performed to the maximum concentration expectod to yield
sufficient second-division metaphases for analysis, the
limits of solubility, or the limits of compound availability
(a maximum of 5000 .g/ml or 0.5% for liquids), and (2) the
positive control induced a statistically significant increase
in the SCE frequency.

Interpretation of Results:

Positive: A test compound will be considered to have
elicited a positive response in the SCE assay if it induces a
statistically significant (p < 0.05) increase in the SCE
frequencies compared to the negat. ve control rate (by the
Student-Newman-Keuls test) and the SCE frequency exhibited a
correlated dose response.

Negative: A test compound will be considered to have
elicited a negative response in the SCE assay if the criteria
(statistical significance or dose response) for a positive
response are not met.

Changes/Deviations

The actual conduct of the study differed slightly from
the SOP during the harvesting phase. Instead of shaking each
rinsed flask for 10 min with HBSS, the flasks were shaken for
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310 min. This Provided sufficient ztime for the cells stili
acohering to th-e flask to detac-

Storaar o-f aw Data and Final Leport_

A copy of rthe final report, study protocolr, za-v data,
retired SOPs, ar-i an dliquot cit the teFst compuund will be
re tained in the: LAIR Archives.

RESULTS

Nic~rogruanidine was tested over a concentration ranoe of
4.0 to 0.01 mg/mil without exogenous metabolic activation and
3.q to C.01 mg/mi with activation. Spocific doses are aiyer
in. TIable I. Nitroguanidine dic induce some toxicity. At the
h-ichest dose without metabolic activation (4.0 mg/mI), 91', of
the retaphase7s isolated were found to be from first-di-lvi .i-:
cells, and the total yield of metaphases was too small for
SCE sccring. The 2 mg/ml dose f.nduced some toxicity during
the 24-hour exposure but failed to induce a significant rise

in C~ Nine of the low:c-r doseis of nitroguanidine .nduced
r n i. yor rroa!.-~s in 51:.The assay with mnetabol ic
iv it ion 11,;(d 2-hi u teXP0s;'~ Period. In this Case,

Nrthle 1itgtw(:;t_ dose (3. 9 ru/iml ) nor the lower ones
induceo any apeibetoxicity or increase in SCEs.

Botn positive controls induced statistically significant
IncrasesinSOs

DI SCU SS 10

Nitroguanidine was tested for its ability to induce SCEs
in CR0 cells both with and without exogenous metabolic
activation. Even at the hiqhest doses tested, nitroguanidl-le
did not induue a statirti call)y s:ie nificant increase in SCEsE

wasLneic n apa ~rt. ce~ ~~~ndnLincrease,( in SCF-fs
Tv~ : i t. dsel t e'st~ed wasv- d; c'ct ed by the limits of

,o1utr> li (Y. Pot)i posit-ive con!.s induced siqnificant
incre-ases ir tnhe S Fhs. Thus-, all the conditions for a valid,
ne-sat- ye assay were Met..

Ni tr1om7iani~dino h~i i'u e-01 relpo-rted to cause significantL
choooe1damage in r, ,,4nese h imster fibroblasts (6)

Is.hi.date and Oda:chima use(d a do.;e of 4 mg/ml for 24 hours and
f osnd 2,,% of th1-e metaphases t~o niave chromosomal aberrations,
pr ircipa-lly citps, brea'Ks, anid t.:ans1locatio_-ns. Our data from

It~~~~i V.0 r
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Table I: NITROGUANIDINE (NG) S [STER CIIROMAT [D EXCH1,,NGE-

DOSES %FDa nb SCE ±ISD COMMENT

WITHOUT S-9 (24-hour exposure)

Neg Control 2 40 6.58 ±2.86

EMS 0.32 mg/ml 12 6 61.00 ±9.74 p<0.0001

NG 4.0 mq/ml 91 40 metdphases not scorable
NG 2.0 mg/ml 14 40 7.28 ±2.53 NS
NG 1.0 mg/m] 3 40 7.30 ±2.66 Ns
NG 0.5 mg/ml 2 40 7.20 ±3.03 NS
NG 0.1 mg/ml 1. 40 6.78 ±2.83 NS
NG 0.05 mq/ml 7 40 6.25 ±2.26 NS
NC 0.01 mg/ml 4 40 7.25 +2.65 NS

WITH S-9 (2-hour exposure)

Neg Control 1 39 9.31 ±2.57

Cyciophosphamide
1.33 gg/ml 9 ?0 34.5 ±11.75 p<0.0001

NG 3.9 mg/ml 1 39 9.03 +3.27 NS
NG 2.0 mg/ml 1 19 6.53 ±2.57 NS
NG 1.0 mg/ml 2 28 8.00 ±3.10 NS
NG 0.5 mg/ml 1 40 7.85 ±3.31 NS
NG 0.1 mg/ml 4 20 8.60 ±3.22 NS
NG 0.05 mg/ml 0 40 8.65 ±3.32 NS
NG 0.01 mg/ml 4 40 7.00 ±2.66 NS

a %FD = percentage of metaphases in first division
b n = number of metaphases scored for SCEs

Negative controls and nitroguanidine groups were compared
using ANOVA.
Negative controls and positive controls were compared using
the t-test.
Abbreviations: EMS = ethyl met hanesulfonate, NG :
nitroguanidine, SCE = sister chromatid exchange, SD =

standard deviation, NS = not significant. (P<0.05).

. , - . .. -, - -, . 'I
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the SCE assay shcwed NG to be very toxic at that cose over a
24-hour ex' osure. Most of the mnetaphases detected wi, from
first-division cells, and even those that showed some
differential staining had not gone through two complete
replication cycles in the BrdU-containinq medium. Rath..,
these cells appeared to have been in S phase when the
nitrocuanidine and BrdU were added and went on to complete
this cycle. After the second S phase, these cells contaired
a mixture of thymidine, thymidine and BrdU, and Br-iC-
containing strands so that they were not scorable for SCEs.
Fxamination of the metaphases from this dose group did not
reveal the chromosomal aberrations reported previously. Thus
our data are at odds with those of Ishidate and Odashira (6)
though the test systems were by no means identical (e.g.
different cell lines, presence of BrdU, and different
chromosome preparation). In addition, no specific chemicfal
purity data were provided (6).

Nitroguanidine was also found to be negative in the Ames
Salmonella/Microsome assay and Mouse Lymphoma TK -/- Forward
Mutation assay (7). In these studies, nitroguanidine ,as
tested to the limits of solubility for each assay system both
with and without exogenous metabolic activation.

CONCLUSION

Nitroguanidine was not a significant inducer of SCEs
under the coodit ions of this assay either with or without
e ogenous metabolic activation.

v
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Appendix: CHEMICAL DATA

Chemical name: 'i tIoqnIII dine (NC)

Other listed naries: Guanidine, Nitro; alpha-Nitrogi:or'djne;
beta-Nitroguanidine

Chemical Abstracts Service Registry No.: 556-89- "

LAIR Co-de: PC36A

Structural forrmula:

H2N'C=N NO 2
H2 N -

Molecular formula: C 14N402

Molecular weight : 104. 1

pH range of dosing suspensions: 6.7 - 7.4(l)

Physical state: White Powder

Melting point: 2320(2)

S -,Crce: Hercules ,erospace Division
Sunflower Ammlnition Plant
DeSoto, Kansas

Lot No. SOW84KlOA001

Purity: 99.2% (data sheet attached)

1 . Wheeler CR. ;i rocel lofosc'-Nit rog]anid- ne Protects
Laboratory Notebook p-12- p . P sidio of
Fanoco, CA : rt t erm in A' my, I u7t i t itn ( -f Res,earchc

2. Feedorotf BT, 0hffield CE. Encyclopedia of e>.plosivos
and related items. Vol V. D)over, New Jersey: Picatinny
Arsenal 1975: G154.
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Appendix (cont.) : CHEMICAL DATA

Analytical data: The majo otpes 1n the infrafr!c
spectrum ot trie crmpound wero
observed a! 3450, 2 {96, 342, 3278,
3201, 16f, I634, 1525, ], 1U,, 1314,

1151, 1045, 782 cm- t( 3 ) The spec:lm
obtained fc. the test compound in our
laboratory was 'cint-ical to the
Sadtler standard soectrum for

nitroguanida n,( 4 ) HPLC showed on.ly
one peak (reenti.on time 4.9 min)
The condit.ons employed were as follows:
column, Brownlee RP-18 (4.6 x 250 7-m);
solvent 10% methanol/90% water, f!cw rate- ,
0.7 mi/min; ov,en tempe.,at:re, 5COC;
monitoring wavelength, 265c o nm.

1

Wheeler CR. Nitrocellulose-Nitroguranidirne Projects.

Laboratory Notebook #85-12-022, p. 22-23. Presidio cf
San Francisco, CA: Letterman Army Instiitute of
Research.

4. Sadtler Research Laboratory, Inc. Sadtier standard
spectra. Philadelphia: The Sadtler Research
Laboratory, Inc., 1962: Infra-red spectrogram #21421.

5. Wheeler CR. Nitrocellulcse-NitrcQuanidi'ne Projects.
Laboratory Notebook #85-12-022, pp. 24-25. Presidio of
San Francisco, CA: Letterman A:-my institute of
Research.

I
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Appendix (cont.) CHEMICAL DATA

DESC'.'PTION SHEET FOR EXPLOSIVES, CHEMICALS, ETC IEXE.4PI.IPI- 7.2o

£ssaPp-:0~O9IAR 335 - 15

US m mnamentMni Sunf lower Ar-m.' Anr.unj t ic, Flant CA

-,d Ch i Coinand DeSoto. Kansas 5b018 -T R
Attn: DSSMC-OAD ;taundr
Ro k .1 d ILL. 61299 Ni oguar r

MANUFCCTU5ER 2.. A
Hiercules Aerospace Division, Hercules Inc. ,AA3~~7-C-) I C1. 4l5

)N84K010IOA001 "I I"R .'"111 paul;

RequireTment Aayi

Pronertv n . M'

Purity, Z Q9.0 99.20
Ash Content, 0.30 0.i2
pir4 Value 4.5 7.0 6.0
Acidity (as 112S04), Z 0.06 0.0
Total Volatiles. Z 0.-5 0.16I
Sulfates (as 143504), Z 0.20 0.17
Impurities, 1120 Insoluble, 0-20 0.02
Particle Size. microns 3.4 6.0 3.5
Color Wh i it e

ursistency Crystalline. Free FlA.,ang

*Combined averages of sampling taken in iaccordaince with I--JA.9 ia. 4.-.3-.

I)Packa~zing: Level C Fiber druoss per qpecffi, iton POT 2lCt'0
2) This lot was manufactur-rd 5 1) 'obpr II134 ari Is submitted as iirst Article In coIU)! lance

w.i th Parngrn-ph 4.3 of l.Nhih.
3) Cuanidine Nitrate supplied by ,K,;-Amer icain 'csch was used In man,;,.turo if this Int .

$[_____________________ 1_____ 14C -Cp.FC IO

_ _ _ _ _ _00.1_ _ _ .. t 1S. -- ' ,I,

Herc les Aer spa e Di irin Ro~jE [ T - ISCEAIF~ D TUC 'I)ccpf T

$T, (E 8
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Distribution List
p

Conmander ('ommandant
US Army Biomedical Research and Academy of Health Sciences

Development Laboratory (27) United States Army
ATTN: SGRD-UBZ-C ATTN: Chief, Environmental
Fort Detrick, Frederick, MD 21701-5010 Quality Branch

Preventive Medicine Division
Defense Technical Information Center (HSHA-IPM) "

([)TIC) (2) Fort Sam Houston, TX 78234
A N: DTIC-DLA
Cameron Station Commander US Army Materiel
Alexandria, VA 22304-6145 Command

ATN: AMSCG
US Army Mcdical Research and 5001 Eisenhower Avenue

Development Command (2) Alexandria, VA 22333
ATTN: SGRD-RMI-S
For! Detrick, Frederick, MD 21701-5012 ('ommandcr

US Army Environmcntal Hygiene
ommandant Agency

Academy of Health Sciences, US Army ATTN: Librarian, HSDH-AD-L
ATTN: AHS-CDM Aberdeen Proving Ground, MD 21010
Lon Sam Houston, TX 78234

Dean
Cx'i School of Medicine
USAEHIA Regional Division, West Uniformed Services University of the
Fitzsimmons AMC Health Sciences
Aurora, CO 80045 4301 Jones Bridge Road

Bethesda, MD 20014
Chi ef
USAEHA Regional Division, North Commander
F ort Geoigc G. Meade, MD 20755 US Army Materiel Command

Ar'FN: AMCEN-A
Chief 5001 Eisenhower Avenue
USAEHA Regional Division, South Alexandria, VA 22333
Bldg. 180
Fort McPherson, GA 30330 HQDA

ATTN: DASG-PSP-E
Commander Falls Church, VA 22041-3258
USA Health Services Command
ATTN: IISPA-P HtQDA
Fort Sam Houston, TX 78234 ATTN: DAEN-RDM

20 Massachusetts, NW
Washington, D.C. 20314
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